[1] Over the past 2 decades there has been a range of reforms to the structure of the water supply and wastewater industries around the world. As yet these reforms have not been as extensive, or as uniform, as in other utilities such as telecommunications, gas, and electricity supply. One focus of reform has been to enhance the structure of water supply and wastewater industries to improve levels of productivity and efficiency while at the same time maintaining environmental and water quality standards, providing affordable access to clean water and encouraging innovation and improvement in service delivery. Now, however, a changing climate, new technologies, and greater emphasis on environmental impacts of supply from traditional sources are creating forces which are requiring a rethinking of traditional water and wastewater industry structures. The purpose of this paper is to examine emerging issues that confront the structure of the water and wastewater industries and to assess them in light of the findings of productivity and efficiency analysis undertaken to date. In doing so, this paper considers how industry structure may impact upon, and be influenced by, the dual achievement of both economic efficiency and issues such as water quality standards, environmental outcomes, innovation, and social goals in an evolving industry environment.
Introduction
[2] A number of governments around the world have over the past 2 decades reformed their monopoly infrastructure industries, including telecommunications, natural gas and electricity supply. These reforms have generally involved the removing of impediments to competition, the disaggregation of natural monopoly and potentially competitive elements and the separation of regulatory from commercial functions. The main aim of these reforms has been to use heightened competition to encourage increased levels of economic efficiency.
[3] In the case of the water supply and wastewater industries there has been less change. There have been a number of instances of the commercialization of government owned water utilities, increased private sector involvement in capital works and other contracting out, some separation of regulatory and commercial functions and in a few cases the privatization of government assets. However, this has left, in many cases, vertically integrated monopoly service providers still intact.
[4] Complicating the task of determining the optimal structure and ownership of the water supply and wastewater industry has been the need to satisfy multiple industry and community objectives, including meeting minimum environmental and quality standards, maintaining reliability of supply, ensuring affordability and stability of pricing, and encouraging innovation in service delivery (for example, the development of new pipe maintenance technology).
[5] Of particular importance in any reform of industry structure, or privatization of assets, is that new arrangements are capable of maintaining public health standards and the reduction of environmental impacts. Water provision, use and disposal involve extensive externalities in the form of disease risks and the degradation of natural resources. Government ownership or regulation is generally regarded as essential to achieving a reduction in these risks. As both the physical and social environment has evolved, the task of marrying the multiple objectives of the water supply and wastewater industry has become increasingly complex.
[6] The purpose of this paper is twofold. First it reviews the structural issues that have confronted the reform of the water supply and wastewater industries in the past, and examines them in light of the findings that have arisen from productivity and efficiency analysis that has been undertaken to date. Second, the paper examines those forces that can be expected to impact on the issue of structural reform in the future including (1) changing climate patterns; (2) the desirability of new market structures, including competitive based structures; (3) the continuing/rising demands, namely, water quality, including the potential for fit for purpose usage; and (4) an increased emphasis on more efficient water use.
[7] This paper will set out a range of challenges facing both the industry in terms of its ongoing development, and researchers in terms of the work to be undertaken to inform ongoing structural reform and productivity enhancement. To this end, the paper is structured as follows. Section 2 pro-vides a brief overview of the structural issues that have historically been presented in the water sector. Section 3 outlines the findings of productivity and efficiency analysis with respect to ownership and economies of scale and scope, while section 4 then examines the relationship between regulation and productivity. Looking forward, section 5 outlines and considers the range of forces and factors that can be expected to influence future structural reform and related productivity questions. Section 6 contains some concluding comments, including comments on the need for future research required to inform policy decision making in this area.
Structural Issues
[8] To understand the issues that confront the reform of the water supply and wastewater industry it is important to recognize that it is made up by a number of potentially separate components. These components include bulk water collection and storage, bulk water transfer, water treatment, water distribution, reticulation and retail supply, sewerage collection, distribution and treatment, drainage and irrigation. In many cases water supply agencies, if government owned, are also responsible for regulatory and planning matters such as land and resource management, quality setting, and policy development. If government owned, the organizations may be separated into stand-alone commercial water supply (and wastewater) companies, broken apart from the regulatory and policy functions, or as is often the case, integrated together, not only as joint commercial and regulatory agencies, but also joined to other government responsibilities in multifunction departments. Toronto Water in Canada, for instance, is a division of the City of Toronto. In some local government jurisdictions water supply and sewerage functions are grouped together in departments that include such functions as parks and gardens maintenance, and road construction.
[9] In most cases around the world the most common structure is that of a single, vertically integrated utility in each region of water supply. This is especially true in small and medium size markets, and is typical of both privately and government owned water supply agencies [Kessides, 2003; Abbott and Cohen, 2009 ] Sometimes in larger metropolitan markets horizontal separation occurs with a number of, separate vertically integrated entities operating in different parts of the city. This, for instance, is the case in cities such as Paris and Manila. Traditionally water in Paris was distributed by Lyonnaise des Eaux and Compagnie des Eaux de Paris. Local authorities are taking over both when contracts expire in 2009 and 2011. In Manila water is supplied by the Manila Water Company and Maynilad Water Services. Horizontal separation of this sort enables regulators or other policy makers to make comparisons of the performance of the respective companies. As well as horizontal separation, vertical separation can also occur with a split between the wholesale and distribution/retail segments of the industry, as is the case in cities such as Auckland in New Zealand and Melbourne in Australia. In Auckland the government owned company, Watercare, supplies bulk water to a number of local councils and local council owned water companies. In Melbourne the government company, Melbourne Water supplies bulk water to three separate government owned water retailers.
[10] This sort of vertical separation is often undertaken in order to encourage the development of multiple sources of supply, although at times it has occurred simply to allow joint ownership of the bulk supply of water by smaller distribution companies. This is the case in New Zealand, for instance, in Auckland and Wellington. Although there are a few examples of this type of structural unbundling in the water supply industry it has not occurred to the same degree that it has in the case of electricity, natural gas supply and telecommunications.
[11] The tendency toward monopoly provision over a whole district, and vertical integration, is a product of the physical characteristics of the industry. The supply of water involves heavy up front capital costs, with water supply and wastewater systems generally requiring engineering scale economies. This means that a large share of the cost of supplying water and disposing of sewerage is tied up in distribution networks, which are expensive to duplicate. Approximately two thirds of the cost of water supply is related to the cost of the pipes network [London Economics, 1998 ]. In contrast around 40% of the cost of supplying electricity is related to the transmission and distribution networks [Wallsten and Kosec, 2005] . Further, as water has a low value added compared to its transportation costs, centralized transmission over long distances through a large national or regional network, as occurs in the case of an electricity or natural gas, is generally impractical and so systems tend to be highly decentralized. The heavy costs involved in duplicating the delivery networks mean that competition in the industry is generally limited. Finally, legal provisions for competition in the bulk wholesale market are not common, although they are in place in countries such as England and Australia, where third party access to infrastructure is legally required, but in practice relatively uncommon.
[12] Even without competition in the industry a few policy issues surrounding the structure of the industry do arise. First and foremost is the optimal size of a water supply company. Over the years the trend has been toward merging companies to create larger sized units in order to reap greater economies of scale. A related issue is the degree to which economies of scope can be achieved through the joint provision of water supply and wastewater services. In most jurisdictions, but not all, water supply and wastewater services are jointly provided by single companies. The rationale for this is that there are economies of scope between the two functions. That said, water only companies are not unknown. In England, for example, there are both water and sewerage companies and water only companies (ten water and sewerage companies and fifteen water only companies [Stone and Webster Consultants, 2004] ).
[13] Another policy issue that has arisen has been the case of the privatization of water assets. Although privatization of the water industry has been less common than in the case of other utilities it has occurred in countries as diverse as Indonesia, Chile, England and the Philippines. As well some countries like France have a long history of private provision. In the case of the United States around 89% of people are supplied by government or cooperative owned utilities and there has been no substantial trend toward privatization in recent years in that country [Wallsten and Kosec, 2005] . Due to the extensive environmental and health externalities government ownership is regarded by many as the most appropriate structure for the industry and even in the case of private companies, they are generally heavily regulated [see Garcia et al., 2007] . Management of a scarce natural resource (water) also plays a role, as does the planning of network extensions; both of which also have important public policy implications. The competition issues mentioned earlier are also used to justify government ownership.
[14] A third policy area has been the form and substance of regulation. Regulation generally seeks to guard against the extraction of monopoly rents and to ensure adequate water quality and environmental outcomes, while at the same time enabling investors to receive a necessary return on long-lived assets. Generally, responsibility for such regulation vests either within or separate to the water businesses themselves. In more recent times government authorities in some jurisdictions have separated their commercial activities in water supply and wastewater management from policy and regulatory functions. Further public policy intervention takes place in the form of the subsidization of favored consumer groups. Often these groups are low income or farmer groups, and assistance comes in the form of implicit cross subsidies in tariffs or explicit rebates paid by government welfare authorities.
Industry's Productivity Performance
[15] Monopoly control of the water and wastewater industry, the importance of regulation and the incidence of structural reform have all encouraged researchers to study the industry's productivity performance in a range of countries. In undertaking these examinations, researchers have used a range of productivity and efficiency techniques. These include partial productivity indices, total factor productivity, econometric measures such as cost and production functions, stochastic frontier methodologies and data envelopment analysis. This research has tended to concentrate on the issues of the existence of economies of scale and scope and public versus private ownership. Some more recent work has been conducted on the effects of regulation.
[16] The existence and extent of economies of scale was the initial focus of research on productivity and efficiency in the water supply and wastewater industries. Numerous studies found that significant scale economies existed in the water supply industry [Bhattacharyya et al., 1994; Renzetti, 1999; Ashton, 2000a Ashton, , 2000b Garcia and Thomas, 2001; Shih et al., 2006; Nauges and van den Berg, 2007; Ashton, 2003] . Some studies, however, raised doubts about the extent of these economies [Ford and Warford, 1969; Saal et al., 2007] , while others suggested (in respect of a sample of rural communities in the United States) that although some aspects of the water supply chain are associated with economies of scale (e.g., distribution), others are associated with diseconomies (e.g., production of water available for delivery) [Fox and Hofler, 1986] . The studies that looked at small-scale water businesses generally found that economies of scale could be reaped if they became larger [Kim, 1987; Fabbri and Fraquelli, 2000; Antonioli and Fillipini, 2001; Mizutani and Urakami, 2001; Fraquelli and Giandrone, 2003; Houtsma, 2003; Fraquelli and Moiso, 2005; Tynan and Kingdom, 2005; Sauer, 2005; Torres and Morrison, 2006; Martins et al., 2006] . The research, however, often found that at relatively large output levels the gains that could be achieved in terms of lower average costs from greater economies of scale were exhausted.
[17] Another research focus has been the question of the impact of ownership (private versus government) on productivity levels. Initially, most of the work on this issue was undertaken in the United States. Later in the 1990s the issue of whether the privatization of the English and Welsh water and wastewater businesses improved the productivity and efficiency of the industry was undertaken by a number of researchers. In the American literature, the research findings were inconclusive. A number of studies found that there was no discernable difference between government and privately owned companies [Feigenbaum and Teeples, 1983; Byrnes et al., 1986; Teeples and Glyer, 1987; Houtsma, 2003; Garcia-Sanchez, 2006; da Silva e Souza et al., 2007] . Other studies found that private operators are more efficient [Crain and Zardkoohi, 1978; Morgan, 1977; Raffiee et al., 1992] and still others the public operators [Mann and Mikesell, 1976; Bruggink, 1982; Fox and Hofler, 1986; Lambert et al., 1993; Bhattacharyya et al., 1994; Shih et al., 2006] . One possible explanation for these divergent findings, that has some support in the research, is that government firms operate more efficiently at high levels of output, while privately owned firms are more efficient at low output levels [Bhattacharyya et al., 1995] . More broadly, however, it appears that in driving efficiency, ownership may not be as important as the level of competition in the industry [Wallsten and Kosec, 2005] .
[18] In a related theme, a number of analysts have looked at the change in efficiency brought about by privatization. In most instances, the evidence showed limited effects from privatization [Shaoul, 1997; Bosworth and Stoneman, 1998; Saal and Parker, 2000 or even a decline in overall efficiency [Saal et al., 2007] . Further, any improvements following privatization appear to be less than the improvements in productivity that occurred in the period immediately prior to privatization [Saal and Parker, 2000; Sawkins and Accam, 1994; Saal and Reid, 2004; Saal et al., 2007] .
[19] Also at issue has been the question of economies of scope. Whereas economies of scale relate to efficiencies associated with the level of production of a single product type, economies of scope relate to efficiencies that accrue from combining multiple outputs that have production synergies. With respect to the integration of water supply and wastewater activities there is support for the view that economies of scope accrue to a businesses that operate both activities jointly, although it appears that is more strongly the case for small companies as opposed to large ones [Saal and Parker, 2000; Fraquelli and Giandrone, 2003; Stone and Webster Consultants, 2004; Fraquelli and Moiso, 2005; Lynk, 1993; Hunt and Lynk, 1995; Fraquelli and Giandrone, 2003; Fraquelli and Moiso, 2005; Martins et al., 2006; Saal and Parker, 2000] . This occurs because small companies have greater scope to gain from the more intense use of common costs such as maintenance and administrative staff.
[20] As well as the research that has been undertaken on the horizontal integration of water supply and wastewater disposal additional research has been undertaken on the impact of the separation of bulk water supply from distribution and retail [Garcia and Thomas, 2001; Garcia et al., 2007; Kim, 1987; Kim and Clark, 1988; Hayes, 1987] . This research indicates that integration is efficient for small companies, but not necessarily for large ones. Further, there is some evidence that economies from vertical integration are most apparent for businesses only undertaking water supply activities [Stone and Webster Consultants, 2004] .
[21] The research to date on the relationship between industry structure and productivity, however, has been limited in that it has tended to only look at a small range of issues such as economics of scale and ownership. As section 4 details, relatively little has been said about a range of structural issues such as the separation of regulatory and policy functions as well as the impact on the achievement of environmental and social goals. This is unfortunate because separation of responsibilities of this type is perhaps the most common reform in the water and wastewater industries.
Regulation and Productivity
[22] Vertical disaggregation of the industry has not been common around the world, but the separation of regulatory and planning functions and establishment of stand alone, commercial water supply companies has been more frequent. This "corporatization" has seen the separation of regulatory and policy functions and their transfer to separate government agencies and the establishment of government owned, water supplying corporations. Generally, the water sector is subject to considerable environmental, planning, social and economic regulation. These regulations cover issues including public health (such as drinking water quality standards), pricing (such as rate of return and incentive-based mechanisms), trade waste, supply reliability and river and seawater quality. At times governments have given responsibility for regulation to government owned companies themselves, or they have subsumed these responsibilities into local government bodies. Steps have been taken in a number of jurisdictions to subject monopoly water suppliers to independent economic regulation of pricing.
[23] Research into the impact of regulation of productivity has tended to focus primarily on the United States and the United Kingdom (postprivatization). One aspect of this research has been on the impact of corporatization. While critically important, so far relatively little has been done Fraquelli and Giandrone, 2003 ].
[24] There is some evidence that some economies can be achieved through combining in a single organization environmental management and commercial water activities [Lynk, 1993; Hunt and Lynk, 1995] . Among other things Lynk [1993] looked at the average level of inefficiencies of the regional water authorities in England and Wales prior to privatization in 1991 to determine if there were economies of scope between water supply and environmental regulation. In England separation of these functions occurred with privatization, when the commercial functions passed to the privatized companies and environmental activities to the National Rivers Authority. Economic regulation passed to the Office of Water Services (OFWAT). Lynk found that there was evidence that the regional Water Authorities enjoyed enhancements through joint production, which implied these were lost with privatization and separation. In further work Lynk and Hunt [1995] came to similar conclusions.
[25] In addition, research has found that environmental regulations can enhance the efficiency of water and sewerage businesses [Saal et al., 2007; Saal and Reid, 2004] . Not a great deal of research, however, has so far been conducted on these issues, which is unfortunate because the separation of these activities from commercial water supply could potentially be a source of inefficiency. As such, areas for future research include the relationship between the responsibility for reducing undesirable water output and managing water losses [Garcia and Thomas, 2001 ] and the opportunities to reduce costs associated with sewage treatment where pollution load is removed [Fraquelli and Giandrone, 2003] .
[26] The effect of the separation of regulatory functions from commercial activities, although being a common reform, has not received much attention in terms of its impact on the productivity of the industry. As well, there has been little research on the impact of changes in environmental standards on the productivity of the industry as has been the case in the electricity and rail industries. However, related research has been undertaken on the economic regulation of the water industry. In the case of the United Kingdom there is evidence that suggests productivity can be improved as a result of the economic and environmental regulatory arrangements that were imposed on the privatized industry in the 1990s [Saal et al., 2007; Saal and Parker, 2000 Saal and Reid, 2004; Erbetta and Cave, 2006] . In particular, the research concluded that a tightening of the regulatory regime had enhanced efficiency (though only returning the businesses to near their preprivatization levels) and posited that environmental regulation had stimulated technical change in the form of new technologies and new production processes.
Future Issues Affecting Ongoing Structural Reform and Productivity of the Water and Wastewater Sectors
[27] The limited extent of research that has occurred in relation to the effects of regulation on productivity is particularly problematic given the range of forces likely to impact decision making with respect to structural issues and productivity in the water supply and wastewater sectors in the future. The purpose of this section is to outline these forces and to consider the extent to which they may influence future structural and productivity outcomes.
[28] The first force likely to be of importance is the potential influence of climate change. While accurate predictions of the impact of climate change remain difficult, there is a broad expectation that climate change will be associated with increasingly variable climatic conditions, and that most regions will experience an overall net negative impact on water resources and freshwater ecosystems [Intergovernmental Panel on Climate Change (IPCC), 2007, 2008] .
[29] In certain regions, particular those at higher latitudes and in parts of the tropics, it is expected that climate change will result in increased precipitation and higher annual runoff. However, the benefits of such increases are expected to be tempered by the negative effects of increased precipitation variability and seasonal runoff shifts on water supply, water quality and flood risks.
[30] In other regions, particularly semiarid and arid areas such as the Mediterranean basin, the western United States, southern Africa and northeastern Brazil, the expectation is for water availability from traditional water sources to be reduced because of altered rainfall and river flow patterns, reduced runoff due to hotter weather and resultant dryer soil conditions, reductions in inland groundwater levels, salinization and/or decreased flows in basins fed by shrinking glaciers [IPCC, 2008, p. 70] .
[31] Such changes can be expected to reinforce the general trend for policy makers to place greater emphasis on environmental concerns, which will impinge on the ability of communities to access traditional water supply sources, particularly rivers, given the environmental impacts that water extraction can have on river health and downstream regions.
[32] It is further anticipated that the higher temperatures and variations in water availability associated with climate change will have a range of additional effects, including (1) exacerbating many forms of water pollution with resultant impacts on ecosystems, human health, water system reliability and operating costs; (2) increasing the risks of flooding in many areas; and (3) the alteration of the function and operation of existing water infrastructure, including hydropower, structural flood defenses, drainage and irrigation systems, as well as water management practices. Each of these effects can be expected to lower the productivity of existing water supply and wastewater systems, particularly insofar as it requires short-term mitigation measures involving the retrofitting of existing infrastructure.
[33] In the urban water sector, a further consequence of reduced inflows will, in many regions, be an increased need for alternative water supply sources to be found. As the emphasis of such augmentations can be expected to be on supply options that are less climate dependent, these will tend to be higher-cost options than the more traditional, natural water sources.
[34] Of the range of options available, the most abundant is desalinated ocean water. This source, however, is problematic because of the high costs and energy intensity of the desalination process, although this is improving over time, and the costs associated with pumping and other infrastructure integration works needed to link this supply with traditional water sources, particular those which are based on gravity feed systems [see Raluy et al., 2006; Stokes and Horwath, 2009] .
[35] Other water sources of likely greater relevance include recycled water, storm water, and interregional trade between rural and urban areas. However, each of these options has complications and implications for both industry structure and productivity. For example, recycled water gives rise to issues relating to the structural relationship between the water supply and the wastewater sectors. To date assessments of economies of scope for these two sectors have been based primarily on the extent to which there are economies associated with joint inputs, such as electricity, maintenance and administration, rather than as treating effluent as a potential alternative source of supply. By increasing reliance on recycled water sources, the relationship between retailers, wholesale water providers and disposers of wastewater can be expected to change, though in part this will depend upon how responsibility for the treatment of wastewater is allocated.
[36] In addition, the potential use of treated effluent as a water source has implications for the physical design of wastewater infrastructure, with reuse encouraging greater focus on disaggregated treatment and distribution facilities. Further, this potential use of treated effluent also gives rise to issues about water quality, both in terms of the quality of water product (see below) and with respect to the quality of the wastewater entering the system. In relation to the quality of wastewater entering the sewerage system, it is necessary to consider the appropriate regulation of trade waste in that costs of recycling are influenced by the extent to which particular industrial users are able to place harmful trade waste, including salts, into the wastewater system, or are required to treat their water on site. Finally, the technologies associated with treating effluent to suitable quality are themselves energy intensive and involve substantial infrastructure and operational costs.
[37] Similarly, the potential use of storm water gives rise to issues for industrial, commercial and domestic users, and the extent to which storm water contributes waste into the water supply system. In the first instance, there will be either an impact on downstream treatment costs and hence the productivity of the water supply industry, or alternatively regulation imposing costs on property owners. In addition, there are broader structural and regulatory reform issues with potential structural and productivity implications including with respect to (1) planning regulations as to urban form and built structures to encourage the capture of storm water for future reuse; (2) rights with respect to storm water, particularly water that is captured on personal property; and (3) rights over and access to wetlands and aquifers that could be utilized to facilitate the purification and storage of storm water.
[38] Finally, interregional trade has problems in terms of the high costs associated with the transport of water, and generally involves substantial pumping unless capable of utilizing gravity-feed systems, as well as social impacts (both upstream and downstream) of moving water across regions and from rural to urban use [see Chong and Sunding, 2006] . These social impacts are likely to be exacerbated where water is priced substantially differently across regions and historically urban users have not been subject to constraints or caps on usage in the same manner as rural users.
[39] The second force, which is a related consequence of increased diversity of water supply sources is the potential for alternative structures for determining water use, in particular, greater reliance on market based structures, where water supply options, have different costs and reliability. Such market based structures have developed in other resource based industries such as natural gas and electricity, but only rarely in the water supply industry. A market-based approach to water supply would represent a substantial shift from the centrally planned and primarily monopoly structures which currently dominate the water supply industry. While feasible, it should be recognized that the development of such market based structures is complex, particularly given the network elements associated with water and wastewater transmission, the task of appropriately defining rights to both the water and access to storage facilities and the need to maintain water quality standards where water is supplied from multiple sources [see, e.g., Victorian Competition and Efficiency Commission, 2008; Productivity Commission, 2008; Cave, 2009] . In determining the efficacy of such systems, it will also be necessary to assess both the benefits of moving to such a system and the costs of making that transition.
[40] Third, another related outcome of greater diversity of water supply sources is the potential for water supply to be fit for purpose in which water quality and reliability is variable depending on the nature of the water supply source. Structural and productivity issues associated with this approach include that it may require replication of infrastructure, in particular, third pipe systems to supply lower-quality water for industrial, agricultural or external domestic use, at considerable cost [see Colorado State University, 2003; Tang et al., 2007] . This is particularly the case for developed nations with existing potable water distribution networks; in many developing countries the major structural concern remains the delivery of sufficient potable supplies, whether that be through piped network infrastructure or distributed systems such as protected wells, boreholes and springs, or rainwater collection [see World Health Organization and United Nations Children's Fund Joint Monitoring Programme for Water Supply and Sanitation, 2005] . Where water of varying qualities is to be delivered, educational campaigns to highlight the different water qualities and the range of acceptable uses would also be required.
[41] The fourth force is the potential impact on structure that may result from an increased emphasis on more efficient water use. This may take a variety of forms, for example in metropolitan areas through initiatives such as water sensitive urban design [e.g., Wong, 2006] and social marketing campaigns, and in rural areas through increased use of less water intensive, genetically modified crops or enhancement of more efficient on and off-farm irrigation systems. Any such initiatives have implications in terms of both the structure and the scope of regulation, and hence productivity. In developing water sensitive cities, for instance, a core issue arises as to the extent to which businesses involved in water supply should have an influence over planning decisions. Should this input be limited to information provision, or at the other extreme, should prescriptive powers be allocated to water businesses? If such regulatory powers are provided to water businesses, further questions arise as to whether this should be at the level of broader urban design, for example, with respect to urban density and facilitation of infill development, or should it extend to building design decision and domestic landscaping which might be designed to reduce water usage? Decisions taken on these issues not only have implications for the roles and responsibilities of water businesses, they will also impact on both the productivity of both the water supply and wastewater industries and the broader costs associated with urban development.
[42] Finally, in respect of social marketing campaigns designed to reduce domestic and commercial water consumption, there is an issue as to what extent are entities whose primary business is water supply the most appropriate entities to seek a reduction in the usage by their customers. In particular, do such campaigns militate in favor of government ownership to ameliorate the otherwise primary profit maximizing motives, or alternatively can similar outcomes be achieved through regulation. In assessing these options, it is necessary to recognize that if water is to be increasingly supplied from nonclimate dependent sources, this will affect traditional patterns of reliance on such demand management activities and also consumer behavior in response to such campaigns.
[43] Given the importance of this range of forces that will impact on the development of the water supply and wastewater disposal industries it would appear that there is considerable scope for research to be undertaken. It appears clear that the manner in which the industry is structured will have important implications for the effectiveness with which the industry deals with these issues and at the same time is able to raise its level of productivity and efficiency.
Conclusion
[44] Historically, the water supply and wastewater industries have enjoyed more stable industry structures than most, in large part due to its monopoly characteristics and the social importance and basic public good nature of water quality and wastewater treatment services.
[45] However, a changing climate, new technologies and greater emphasis on environmental impacts of supply from traditional sources have created forces which are requiring a rethinking of traditional water industry structures. At present, however, there is no policy consensus on the optimal structure of the industry in terms of achieving economic efficiency and other water quality and environmental outcomes, innovation and social goals.
[46] Some of these issues have been touched upon in previous research in the water industry, and have influenced decision making with respect to both structure and regulation in the water and wastewater sectors. However, research into the effects of these decisions has been at best limited. As such, it would appear that given the extent that these forces have the potential to influence decision making going forward, further research with respect to these issues is essential.
[47] More broadly, it is important to determine which industry structure(s) allows for the achievement of the greatest level of productivity and efficiency, while at the same time enabling a diversity of water sources to be developed, innovation in service delivery as well as the maintenance of environmental and water quality standards. The expectation that research of this kind has the capacity to provide a simple and singular template to guide future development of the water and wastewater sector must be tempered, however, by the knowledge that this industry is of a highly localized nature, and subject to distinctive regional geographic, geological, meteorological and hydrological constraints.
